To investigate the influence of the vaneless space between impeller exit and the diffuser vanes, detailed flow measurements in two diffusers with the same vane geometry but different passage width are compared.
width reduction.
To get further details of the flow field, measurements of the static pressure distribution at hub and shroud have been performed at several operation points for both diffusers. At the same points the flow angle and total pressure distribution between hub and shroud upstream and downstream of the vanes have been measured with probes. The maximum efficiency of the narrow diffuser is nearly 2% higher than for the wide diffuser. The measurements give further details to explain these improvements. diffuser outlet Κ stagnation condition in the equalizing chamber s isentropic tot stagnation
Introduction
In the design of centrifugal compressors it is necessary to get an optimum of efficiency, the correct design-mass-flow or pressure ratios by optimizing the impeller. However, the characteristic of the machine is also affected by the other aerodynamic components such as an inlet and outlet section, a scroll and a diffuser.
Some years ago a lot of attention was paid to the optimum design of vaneless diffusers because they achieve a good overall characteristic with little manufacturing effort. In the recent years more and more vaned diffusers were necessary to reach high efficiencies and high pressure ratios of a compressor stage. There are quite a lot of different Brought to you by | University of Glasgow Library Authenticated Download Date | 6/30/15 4:00 PM possible vane -or channeltypes of this component. A lot more parameters must be specified for the design of a vaned diffuser, and the performance prediction must be carried out more precisely to reach the design point as compared to the design of vaneless diffusers.
Therefore there is a large number of comparisons of different diffuser types in the literature. In most of these publications the performance of the whole machine of the diffuser alone is compared with some variations. For solving the problem of matching different components it is helpful to know parameters of the fluid flow in detail. This paper describes the improvement in matching obtained by changing the diffuser width.
Experimental Set Up
The centrifugal compressor used for these investigations at the Institute of Turbomachinery at the University of Hannover has been used for numerous detailed flow investigations, initially with a vaneless diffuser /1 / and later on with several vaned diffusers with different vane-types /2, 3/. The unshrouded impeller used for all these measurements has 28 radial-ending blades and an outer diameter of 400 mm. Further data can be found in Table 1 . Measurements with an equal impeller are described by Krain in /4/.
A vaneless space of 15% of the impeller tip diameter allows a smoothing of the fluctuating impeller outlet flow before it reaches the leading edges of the 19 diffuser vanes. The design of the diffuser vanes is based on the flow measurements with the vaneless diffuser, which had a constant area of the flow channel at all radii.
The diffuser vane inlet angle was based on averaged flow angle measurements, well knowing that there is a variation in flow angle from hub to shroud. Because the geometry of the vaneless space had to be identical with the corresponding part of the vaneless diffuser, the width of the flow passage in the vaned part with parallel walls was specified by the selection of the inlet diameter of the vanes. This has been chosen to be at a radius ratio of λ = 1.15. The vanes end at a radius ratio of λ = 1.5. The inlet angle of the vane is 16.9° relative to the circumferential direction. It increases to the outlet by 10 degrees. In connection with this vaneless diffuser the impeller shows a wide flow range with little drop of efficiency at the lines of constant specific speed, as it is drawn in Fig. 2 .
After the first cambered vane diffuser -consisting of a radial blade row shown in Fig. 3 -was compared with two wedge, type diffusers /2/, it was decided that peak efficiency and pressure ratio of this type should be improved, especially for 
Results

Compressor Maps
In the upper part of the compressor maps stagnation pressure ratio is drawn versus the reduced mass flow with lines of constant shaft speed η and constant isentropic efficiency ?? s . In the lower part the efficiency is plotted versus mass flow. Fig. 5  shows the map of the wider diffuser, Fig. 6 the one of that with the reduced width.
The general character of both maps is similar but in Fig. 6 the lines of constant shaft speed are slightly shifted to lower mass flows. The maximum efficiency is still reached between 14,600 rpm and 16,700 rpm near surge but it has improved by nearly two points. The efficiency rise at high shaft speeds appears even more important. For example at 22,000 rpm near surge we have now measured r? s = 76% instead of T? s = 72%. At low shaft speeds there is no important change in efficiency. To get further information about the mechanism leading to these effects, detailed flow measurements have been made at several points of the map indicated by Full circles. Some of these results will be discussed later on. When comparing the two maps in Fig. 7 the effect of the reduction is most apparent in a shift of the choke lines to the left. At lower Mach num bers the difference between the choke flows is about 10%, which is proportional to the difference in passage width. Obviously, at 20,000 rpm and even more at 22,000 rpm other effects are taking place, leading to a flow reduction of 7% and 3% respectively. This, as well as the important rise in pressure recovery, may result in a change in boundary layer thickness at the throat. In terms of Runstadler's diffuser maps /5/ this means a change in throat blockage, because the length to width ratio and the area ratio remained the same and the aspect ratio is changed only slightly. As we can understand blockage partly as a function of leading edge incidence, further information should be taken out of the flow angle measurements.
Probe Measurements
For the comparison of the probe measurements the results at 20,000 rpm are chosen. Fig. 8 shows those with the wider diffuser. Upstream of the diffuser at λ = 1.1 the flow angle, measured relative to the circumferential direction, changes over a wide range with a nearly constant gradient from hub to shroud. There is also a change of flow angle over the pitch which indicates an upstream influence of the vanes. The stagnation pressure shows only minor differences over the pitch and a drop to the shroud. In passing through the diffuser channel, the gradient from hub to shroud disappears and the exit flow angle varies over the pitch only.
In Fig. 9 we see the result of the width reduction on flow angle at λ = 1.1. At the shroud the flow angle is not less than 15° and therefore the gradient is not so steep. Similarly, the stagnation pressure 
Static Pressure Distribution
Out of the static pressure measurements at hub and shroud isobars are calculated and plotted in the following figures.
Only values from the shroud were available for the wide diffuser, shown in Figs. 10 and 12. These results correspond to the rather low flow angles and the pressure recovery is very uniform. For the other diffuser the differences between hub and shroud can be seen in Figs. 11 and 13. At 16,700 rpm the pressure rise at the shroud in Fig. 11 is similar to that in Fig. 10 , which is remarkable as we have the same mass flow in a smaller flow channel. At the hub there is a region of higher pressure in the inlet of the diffuser vanes, which is a reaction of the deceleration causing the change in flow direction between the higher flow angle at the hub and the vane channel. In Fig. 13 these pressure gradients in the inlet are even bigger and indicate a higher impeller exit Mach-number as well as a greater margin to surge flow. Even at the shroud there is a zone of acceleration near the throat. The differences between hub and shroud disappear near the throat. Therefore in front of it there are regions where the angle differences over the width of the vaneless and semivaneless space are equalized leading to three dimensional pressure distributions.
Conclusions
One way of improving the matching of an untwisted guide vane in the diffuser of centrifugal compressors, which have a considerable variation of the flow angle over the passage width at the impeller outlet, is the reduction of the width of the vaneless space upstream to the diffuser vanes. 
